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SAXIPENDIUMCORONATUM,NEWGENUS,NEW
SPECIES (HEMICHORDATA:ENTEROPNEUSTA):

THEUNUSUALSPAGHETTIWORMSOFTHE
GALAPAGOSRIFT HYDROTHERMALVENTS

Keith H. Woodwick and Terry Sensenbaugh

Abstract.— Saxipendium coronatum, new genus, new species, is described from

a rocky habitat at the edge of a geothermal vent of the Galapagos Rift. The
spaghetti worms represent a new family, Saxipendiidae, in class Enteropneusta,

phylum Hemichordata. Important differentiating characteristics at the familial

level which are found in the spaghetti worms include weakly developed muscles

of the proboscis, coronate proboscis skeleton, long recurved skeletal crura, simple

digestive tract, and antra associated with testis. Structures lacking in spaghetti

worms but present in other enteropneusts include vermiform process, cauliflower

organ, synapticulae, pygochord, hepatic caeca, and large yolky eggs.

Most enteropneusts have been taken from the intertidal or shallow areas offshore

(Hyman 1959); however a few forms from deeper waters have been described

including Spengelia sibogae (Spengel, 1907) at 275 m, Glandiceps talaboti (Mar-

ion, 1886) at 30-350 m, and G. abyssicola (Spengel, 1893) at 4500 m. An addi-

tional deep-sea form was taken recently from near the hydrothermal vents of the

Galapagos Rift area. These spaghetti worms were first seen at the original "Clam-

bake" site in 1977 and were then collected in 1979 along with clams, mussels,

crabs, and vestimentiferans (Jones 1981).

Dive 878 by the deep-diving submersible Alvin on January 19, 1979 carried it

to a maximum depth of 2478 m at 00°47.9'N; 86°13.5'W where the spaghetti

worms were found loosely attached to rocks located at the periphery of the vent

area. These enteropneusts, as viewed in videotapes, were draped over the rocks

with the posterior end on the rock and with the anterior part of the body alternately

drifting freely in the water and then back over the surface of the rock. Many
incomplete specimens were collected using a suction apparatus which pulled in

the spaghetti worms and a certain amount of associated mucous debris and rock

slivers.

The holotype (USNM97395) and paratypes (USNM97396-8) have been de-

posited in the collections of the Division of Worms, National Museumof Natural

History (USNM).

Methods and Materials

Some specimens were prepared for histological studies and others for investi-

gation using an electron microscope. Specimens for histological studies were de-

hydrated through an ethanol-toluene series, embedded in Paraplast (56-57°C),

sectioned at 10, 1 3 or 1 5 n using an American Optical Rotary Microtome. Serial

cross and sagittal sections were stained with Harris' Hematoxylin and Eosin Y.
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Specimens were studied using an American Optical Stereozoom and Zeiss GFL
compound with optivar and photographic attachments. Both Tri-X and Technical

Pan black and white film were used.

Other specimens (glutaraldehyde fixed) were processed for scanning electron

microscopy (SEM) using either histological sections or freeze fractured material.

For sections the glutaraldehyde fixed material was dehydrated in a graded series

of ethanol and paraffin embedded. Sections varying in thickness (10-25 n) were

obtained using a Leitz Rotary Microtome. Sections were attached to round, 13

mmcover slips and deparaffinated with xylene; cover slips holding the sections

were transferred to filtered Freon TF and critical point dried in liquid C02 . The
cover slips were then mounted using double-sided tape.

Following glutaraldehyde fixation the material for freeze fracturing was rinsed

in cold (5°C) 0. 1 Msodium cacodylate buffer solution and post-fixed for one hour

in cold osmium tetroxide in the same buffer. The material was then rinsed in cold

buffer and dehydrated through a graded series of ethanol up to 1 00%. Material

was then, piece by piece, encapsulated in a thin parafilm tube (containing 100%
ethanol), immersed in liquid N2 , and fractured with a scalpel. Fractured material

was then returned to 100% ethanol, transferred to filtered Freon TF and critical

point dried in liquid C02 . The fractured material was mounted using graphite

glue.

All SEMmaterials were metal coated with gold-palladium using a Jeol JFC-

1100 ion sputter and examined at 15 or 25 kV using a Jeol JSM-35 scanning

electron microscope.

Saxipendiidae, new family

Type-genus.— Saxipendium, new genus

Diagnosis. —Enteropneusta with poorly developed proboscis muscles, coronate

(in cross section) body of the proboscis skeleton, skeleton also with long recurved

crura, simple post branchial gut (no regional specialization), testicular antra, small

eggs; lack-synapticulae, vermiform process of buccal diverticulum, hepatic caeca,

lateral septa (in trunk).

Saxipendium, new genus

Type-species.— Saxipendium coronatum, new species.

Gender.

—

Feminine.

Diagnosis.— Characters of the family (above).

Etymology.— From Latin, saxi (rock, boulder) + pend (hanging) + ium, in ref-

erence to the habitat of the organism.

Saxipendium coronatum, new species

Figs. 1-12

Unidentified organisms (draped like spaghetti).— Corliss and Ballard 1977:450

(with fig.).

"Spaghetti" (acorn worm, enteropneust) Sedgwick 1980:50 and 51 (figs.) 52, 53.

Acorn worms.— Hessler 1981:741, 744, 746.

Diagnosis.— Characters of the family (above).
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Etymology. —From Latin, corona (crown) in reference to the appearance of the

proboscis skeleton.

Type- locality. —Near "Rose Garden" geothermal vent, Galapagos Rift

(00°47.9'N; 86°13.5'W), 2478 mdepth.

Material examined. —Holotype (USNM97395), and 8 male and 3 female spec-

imens (paratypes) serially sectioned, cross or sagittal.

General characteristics.— The preserved specimens are in tortuous coils, wrapped

upon themselves and welded together with mucous. Somedetrital material as well

as a few slivers of black rock are attached to their surface. The specimens fixed

in glutaraldehyde are in better condition than those in alcohol.

None of the specimens was complete. The holotype (glutaraldehyde fixed) has

the following measurements in mm: overall length— 215, proboscis— 1 1.0, col-

lar— 3.0, trunk— 201. Maximum width which occurs at the base of the proboscis,

at the collar, and at the anterior trunk region, was 8.0 mm. Two other long

specimens (alcohol preserved) had the following measurements: overall— 220 and

154, proboscis— 10.0 and 8.0, collar— 3.0 and 4.0, trunk— 207 and 142, respec-

tively.

The proboscis is softly pointed anteriorly and enlarges posteriorly to produce

an arrow shape, overall (Fig. 1). It is indented dorsally in preserved specimens

but this characteristic is not as strong on specimens viewed in the videotape. A
narrow peduncle joins the proboscis to the collar. The cuff-like collar is as wide

as the proboscis but is very short. It has a definite raised ring just anterior to the

juncture with the trunk. Anteriorly the trunk is the same width as the collar but

is reduced slightly in overall dimensions in succeeding regions. The branchial

region is more rounded in cross section than the posterior regions which are

slightly flattened and have a median longitudinal depression with raised lateral

ridges. These ridges have undulations produced by the varied size of the individual

gonads in the two longitudinal rows. The gill pores are not readily visible but the

raised gonopores are.

Spaghetti worms are yellow-white in color. The proboscis is the lightest shade

and the anterior part of the collar is the darkest. The posterior raised ring of the

collar is, however, very light.

The iodine-like odor characteristic of many enteropneusts was not present in

the preserved material or in the preservatives.

Internal anatomy-proboscis.— In cross section, external to internal, the bodywall

of the proboscis includes a simple epidermis, nerve fiber layer, a basement mem-
brane, and connective tissue and muscle (Fig. 2). The simple epidermis includes

several cell types but is dominated by gland cells. In general the epidermis is

thicker ventrally than dorsally. The muscles and connective tissues include fibers

which are circular, longitudinal, or oblique in pattern but all are very weakly

developed.

Dorsally the body wall of the proboscis is about 130 yum thick. The epidermis

(100 /x) includes a basal grouping of nuclei, an open vacuolated area in the middle,

an overlying grouping of nuclei and a few scattered distal goblet glands. Pseu-

dostratification is evident. Laterally and ventrally the body wall is generally 130

H, but in some areas is thicker. The epidermis basally is open with a few dispersed

nuclei and distally is packed with goblet cells. Centrally it is dominated by a layer

of dark staining nuclei.
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The nerve layer is fibrous and is about 20 ix thick except near the base of the

proboscis close to the peduncle where it may be as thick as 50 n dorsomedially.

Epidermis overlying this cord is made up of 50 n of heavy basal nuclei and a 50

/x distal area of packed glands.

The muscle-connective tissue component of the body wall is poorly developed,

only 10 fi, consisting mainly of short fibers of the circular muscle component and

attachment fibers.

The internal muscular and connective tissue of the proboscis, in general, is

weakly developed, also, and consists of circular, longitudinal, and oblique fibers

traversing the entire interior area anteriorly and in the area surrounding the central

proboscis coelom posteriorly. This sparsely muscular portion (Fig. 2) makes up
the anterior two-thirds of the proboscis; the posterior one-third includes the be-

ginning of the proboscis coelom and the contained proboscis complex.

The proboscis coelom makes up about 10% of the total proboscis area near the

coelom' s anterior end, 40% midway, and only a small percentage posteriorly.

There it is reduced and divided into right and left lateral and dorsal and ventral

cavities by the presence and increase in size of the proboscis complex. The right

dorsal coelomic area is blind ending but the left dorsal area opens to the outside

through the proboscis canal and pore.

The proboscis complex has a double attachment dorsally and a single ventral

mesentery which slants posteriorly, first attaching to the coelomic lining and then

penetrating to and attaching to the subepidermal basement membrane. The com-
plex includes the glomerulus, central sinus, pericardial vesicle, and buccal diver-

ticulum (Fig. 3). The glomerulus is a tortuous mass of tubules filled with vascular

fluid. This vascular plexus covers the anterior end of the developing complex and

then posteriorly covers the dorsal and lateral portions but not the ventral. The
lateral glomerulus is reduced in size and the dorsal portion disappears as the

double dorsal mesentery of the complex joins the dorsum of the pericardial vesicle.

The vesicle overlies the central sinus and the buccal diverticulum is ventrally

placed in the complex with the central sinus and pericardial vesicle dorsal to it.

The buccal diverticulum continues posteriorly through the peduncle and opens

into the buccal region (the anterior gut area) of the collar.

Anteriorly the proboscis coelom which more or less surrounds the proboscis

complex is nearly round and measures 500 ix in diameter. It has a distinct lining

and there is open space all around the contained complex which measures about

400 ix in diameter. At this level the glomerulus shows a few dorsal and lateral

folds and the anterior tip of the buccal diverticulum appears along with the

pericardial vesicle just dorsal to it.

A little posterior the coelom elongates dorsally and enlarges to measure 750 n
and 650 n wide. The pericardial vesicle also elongates dorsally and the paired

dorsal mesenteries which enclose it join the coelomic wall at the nerve fiber layer

on each side; mesenteries are initially about 300 ix apart. The vesicle contains a

few loose connective tissue and muscle fibers. The buccal diverticulum has en-

larged to a diameter of about 475 n and has a large central cavity, 1 70 fx high and
100 At wide. The epithelium making up the buccal diverticulum is about 200 /x

thick and is highly vacuolated with scattered elongate distal nuclei. The central

cavity is lined with cilia. Just dorsal to the buccal diverticulum the blood-filled

central sinus appears. A ventral mesentery is present but it is oriented antero-
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dorsal to postero-ventral and is not attached ventrally at this level. The connective

tissue and muscle of the proboscis external to the coelom continues to be weakly

developed but shows a slight concentration midventrally.

To the posterior, the central sinus has a direct relationship with the open spaces

of the glomerular plexus. Dorsally on the proboscis an external medial infolding

occurs and the underlying internal structures also show changes. The epidermis

is composed of a heavy nerve fiber layer (50 n), a layer (50 ix) of many nuclei

round in shape basally and elongate distally, and a layer (50 n) of glands. To the

posterior the nerve fiber layer expands to a width of 60 /x and the coelom broadens

to 2000 fi (wide) x 800 fi (high). Farther posteriorly, the coelom is reduced to a

breadth of 600 n and a greatly reduced height of 70 n as the dorsal mesenteries

shorten. The buccal diverticulum is 600 n across assuming the shape of a square

with rounded corners; the central cavity is 100 /x in height and 80 n across. The
glomerulus is well-developed laterally next to the buccal diverticulum and on the

lower external surface of the dorsal mesenteries. The ventral mesentery is com-
plete. At this point in one specimen the central sinus had an X-shaped cross

section. The two ventral arms represented the original sinus and the upper arms,

anterior lateral extensions. To the posterior, they merged ventro-medially and

flowed laterally into the glomerulus and up between the two layers of each dorso-

lateral mesentery where each formed a subepidermal vessel.

Posterior to this level as the proboscis decreases in overall width the glomerulus

begins to disappear and the lateral horns of the buccal diverticulum fill the space

which was originally part of the coelom and divide the remaining coelom into

dorsal and ventral spaces. The internal cavities of the horns and the central area

of the buccal diverticulum interconnect. The dorso-lateral vessels merge medially

to form a major longitudinal vessel. There is no racemose organ.

The proboscis includes the preoral ciliary organ (Fig. 1) first described by Bram-
bell and Cole (1939) which in this species is located on the posterior external face

of the proboscis. The U-shaped organ has two parallel grooves with associated

short epidermal cells and heavy ciliation. The medial groove of each arm has

longer cells and shorter ciliation. The raised area between the grooves is not

glandular but the medial groove area has granular acidophilic and reticular ba-

sophilic gland cells.

Internal anatomy-peduncle.— The peduncle (Fig. 1) connects the proboscis and

collar and contains important nerve fibers, muscles, blood vessels, buccal diver-

ticulum, skeleton and related materials, coelom remnants of both the proboscis

and collar which, however, do not interconnect, and a surrounding epidermis

which is different on the dorsal and ventral surfaces.

The dorsal epidermis which is underlain by a heavy nerve layer (60-70 n) is

about 100 /i. The basal 75
fj.

includes a layer of rounded and then centrally more
elongate nuclei. The distal surface is vacuolated and contains only a few glands.

Ventrally the nerve is only 20 n and the epidermis about 70 n; the basal half is

nuclei and the distal is mixed glands (goblet, reticular, granular). Near the posterior

end of the peduncle the reticular glands dominate ventrally.

The buccal diverticulum has a large central cavity and through its expansion

as lateral horns it crowds out the ventro-lateral portions of the proboscis coelom

and reduces in size the dorso-lateral portions. On both sides the lining of the

dorsal coelomic cavity shows a distinctly nucleated simple columnar epithelium
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which on the left side forms the proboscis canal and lines the proboscis pore

which opens externally. The pore is not round but is an elongate slit running

antero-posteriorly. Farther posterior in the peduncle the proboscis canal and pore

disappear and the proboscis skeleton begins to replace the buccal diverticulum

positionally. The main part of the skeleton, which is in the peduncle, is beautifully

crown-shaped in cross section (Fig. 4), and the spikes of the crown divide into

subsections the central part of the buccal diverticulum; the large lateral horns

and a small median-ventral caecum remain intact, each with an open central area.

Closer to the collar the skeleton crowds out the ventral caecum and divides the

lateral horns into subsections (Fig. 5). Then the spikes of the skeleton are reduced

in length and the central body develops medio-lateral concentrations evidenced

by a two-whorl pattern. Those two areas become the separate lateral skeletal crurae

of the collar. The dorsal median subepidermal vessel is present throughout the

peduncle and posteriorly it joins medio- ventrally with a vessel which lies between

the two perihaemal cavities (Fig. 6).

The free anterior cuff of the collar overlaps the posterior part of the peduncle

but as the dorsal half of the cuff turns ventrally and posteriorly it joins the peduncle,

first laterally and then dorso-medially. An anterior pocket is produced just above

the heavy nerve fiber layer of the peduncle (Fig. 5). The pocket partly closes off

and as a collar epidermis shifts dorsally the nerve fiber layer comes to have a

more internal position. Throughout the collar this neurocord (Fig. 6) is the dom-
inant part of the nervous system. In the posterior peduncle this nerve fiber layer

which is at first flat, develops lateral dorsal curlings, and then a strong dorsal and

medial recurving of the two lateral areas so that the fibers fold over the central

cellular area.

As the dorsal half of the collar cuff joins the peduncle the coelom of the collar

directly interconnects with small lateral coelomic and muscular areas which first

appeared lateral to the proboscis skeleton in the posterior region of the peduncle.

The two lateral muscle groups attach anteriorly to the proboscis skeleton and

posteriorly in the collar.

Internal anatomy- collar.— The cuff-shaped collar (Fig. 1) has a complex of

epidermal zones, the neurocord, the anterior portion of the digestive tract, and a

coelom with connective tissue poorly developed peripherally but with well-de-

veloped muscles associated with the crura of the proboscis skeleton (Fig. 6).

The epidermis is characterized by five main zones arranged generally as suc-

cessive rings from anterior to posterior. A five-zone pattern is not uncommon
(e.g., Protoglossus koehleri, Burdon-Jones 1956) but a few species have been

Figs. 1-6. Saxipendium coronation: 1, Overall view of holotype, xl.2; 2, Proboscis, transverse

section, x 64; 3, Proboscis complex, transverse section (SEM), x 90; 4, Peduncle, transverse section

of skeleton (SEM), x 162; 5, Peduncle-collar interphase, transverse section, x58 (paratype, USNM
97396); 6, Collar, transverse section, x81 (USNM97396). BD: buccal diverticulum, C: coelom, CR:

skeletal crura, CS: central sinus, E: epidermis, EM: epithelium, G: gut cavity, GL: glomerulus, M
muscle (and connective tissue), MED: dorsal mesentery, MEV: ventral mesentery, N: neurocord, NF:

nerve fibers, P: peduncle, PC: preoral ciliary organ, PH: perihaemal cavity, PV: pericardial vesicle,

SP: proboscis skeleton, V: blood vessel, X: proboscis, Y: collar, Z: trunk.
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described as having three or four zones. The number of zones may be a matter

of varied specificity in histological interpretation. In Saxipedium coronatum two

of the zones show variations designated as subzones.

The epidermis of Zone I which comprises the inner portion and turned edge

of the anterior part of the cuff is 100 n in thickness and has a heavy basal band
of nuclei and the distal portion consists of packed acidophilic goblet cells. There

are two subzones with the more posterior having the nuclei in a wider and more
unevenly dispersed band, a slightly greater concentration of goblet cells and an

occasional basophilic reticulated gland cell.

Zone II has an epidermis of 125 n. The nuclei are still basal but form a less

distinct band followed distally by an open vacuolated region and then a superficial

region lightly stained with goblet cells and a few granular gland cells.

Zone III is the widest region and has the thickest epidermis. It includes the

area preceding the raised posterior ring as a subzone and the ring itself as another.

Overall, the epidermis is 175 fx thick and has a basal and a distal grouping of

nuclei. In the anterior subzone the basal nuclei dominate and a few goblet cells

are present distally; in the posterior subzone the distal elongate nuclei form a

distinct band. This extremely thick zone of the epidermis is highly vacuolated

throughout.

Zone IV comprises the posterior edge and infolding of the ring. The epidermis

is 100 n and includes a dispersed basal grouping of nuclei, a vacuolated central

region, and a distal region which includes a heavy concentration of acidophilic

cells and sparse granular gland cells.

Zone V comprises the juncture of the collar and trunk. The epidermis is 100 ^
and includes a concentrated basal layer of nuclei similar to Zone I but with only

sparse goblet cells distally.

Underlying the epidermis and included in all measurements is a nerve fiber

layer 12-15 n thick.

The fibrous portion of the neurocord is continuous anteriorly with the epidermal

nerve fiber layer of the peduncle and posterior face of the proboscis as well as the

dorso-median concentration and other nerve fibers in the proboscis. Posteriorly

the neurocord is continuous with the solid dorso-median nerve cord of the trunk

and the collar-trunk lateral connectives which join to form the solid ventral nerve

cord of the trunk.

The neurocord is 650 n wide and 1 50 yu. thick and the lateral and ventral fibrous

portion makes up about 65% of the cross sectional surface. There are anterior

and posterior openings into the cellular portion of the neurocord which is also

irregularly open throughout (Figs. 5 and 6).

Just ventral to the neurocord are located the dorsal vessel and the perihaemal

cavities which are thin paired anterior extensions of the trunk coelom (Fig. 6).

These cavities which contain longitudinal muscles reach into the peduncle. In

some specimens at their anterior extremity they become an undivided cavity.

Posteriorly they open into the general trunk coelom and the muscles become part

of the weak dorsal musculature of the trunk. The anterior part of the perihaemal

cavities is at the level where the proboscis skeleton separates into left and right

crura. The crura (Fig. 6) bend down and around the gut as they extend posteriorly

to near the end of the collar. The main anterior skeleton and the crura serve as

the attachment points for the two muscle bundles noted above which connect
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posteriorly to the interface of the collar and trunk at a ventro-lateral position.

The crura are unusual in having a thin recurved portion which bends back an-

teriorly for a short distance in the posterior collar. The position of the crura in

relation to the gut epithelium causes the epithelium to push into the gut cavity

on each side to produce an upper and lower chamber. Contraction of muscles

and movement of the skeleton caused by fixation produced in some specimens

dorso-lateral blind ending (posteriorly) gut pockets above the crura in the posterior

part of the collar. The muslces and connective tissue of the collar coelom are

poorly developed.

The anterior collar gut epithelium dorso-medially and lateral to each of the

crura is similar to the tissue of the buccal diverticulum (Fig. 6). It is about 1 00

fi thick with a distal dispersed band of elongate nuclei and the majority of the

thickness made up of vacuolated epithelium. The lateral components have a few

distal basophilic reticular gland cells and the ciliation is heavier than it is medially.

The dorsal central band has continuity with the central portion of the buccal

diverticulum which is made possible by the reduction in size of the proboscis

skeleton and the separation of the crura. The epithelium covering the crura is

very thin and the nuclei dominate in a heavy basal band (Fig. 6). The ventro-

lateral and ventral gut epithelium is about half as thick as the dorsal. In the central

collar thicker epithelium appears ventro-laterally and it extends into the ventro-

medial region in the posterior collar. The gut cavity decreases in overall size

posteriorly, but the chamber above the crura increases in size relative to the lower

chamber as the crura shift their position.

In the posterior collar as it interfaces with the trunk the neurocord begins to

show a reduction in the dorso-medial recurving of the fiber portion and the central

cellular area begins to open to the outside. The fibrous portion of the neurocord

centrally forms the dorsal solid nerve cord of the trunk and bilaterally forms the

connectives which shift ventrally and rejoin to form the ventral subepidermal

solid nerve cord of the trunk. The perihaemal cavities widen laterally and increase

in size as they approach a direct relationship with the dorsal trunk coelom.

The last important structures of the collar to appear are the collar pores which

via short canals connect the collar coelom to the outside. In this species the canal

connects the collar coelom to the outside through pores located in the dorso-

medial area but the canals also connect to the most anterior gill pouch. The
specialized epithelium lining the canals and pores is 200-250 n in thickness. It

has a distinct basal layer of heavy elongate nuclei, a narrow open distal zone, and

heavy surface ciliation.

Internal anatomy-trunk.— The anterior trunk matches the collar in shape and

width but the trunk is slightly flattened dorso-ventrally throughout most of its

length. The dorso-median area is depressed and deeper sub-lateral grooves extend

antero-posteriorly. The extreme dorso-lateral surface which is raised contains the

gonads (Figs. 1 and 1 1). The trunk is not highly specialized in structure or variable

in appearance but it does contain one of the more important enteropneust char-

acters. A series of paired gill slits and pores and associated skeletal elements occurs

in the anterior branchial region of the trunk. Following the unspecialized post

branchial anterior esophagus, a series of paired canals and pores connect the gut

with the surface dorsolateral^ in the posterior esophagus. The intestine proper

follows this esophageal pore region. The gonads occur with the gills anteriorly,
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and posteriorly to the gills the multiple paired gonads dominate the trunk. They
are present in the esophageal region and continue throughout the entire trunk.

The ventral epidermis of the trunk is generally thicker, contains more glands,

and is more heavily ciliated than the dorsal (Fig. 9). Just beneath the epidermis

occur the nerve fibers which are concentrated medially to form dorsal and ventral

solid longitudinal nerve cords. The dorsal cord anteriorly has short lateral dorsal

wings which are a modified continuation of the posterior collar neurocord.

Throughout the remainder of the trunk the dorsal cord (50 ix thick) has a triangular

shape with the point dorsally placed pushing into the epidermis. The body does

not bulge here because the epidermal cells are shorter where the nerve cord

thickens. The ventral nerve cord (75 n) is more strongly developed than the dorsal;

it also has a triangular shape with the point dorsally placed but here it pushes

into the basement membrane and towards the coelom (Fig. 9).

The gut of Saxipendium coronatum is not highly specialized. It contrasts greatly

with that of many ptychoderids (e.g., Balanoglossus stephensoni Horst, 1940) and
some spengeliids which have well developed hepatic caecea. It also contrasts with

harrimaniids, especially those of Saccoglossus (e.g., S. otagoensis Thomas, 1972)

which have many specialized regions of the gut with a variety of epithelial linings

and strong ciliated grooves. The gut epithelium of the spaghetti worm is relatively

unchanged from region to region and the gut cavity, although it changes in overall

shape, is simple in pattern (Figs. 8, 9, 10, and 1 1).

The ventral longitudinal muscles of the trunk are slightly heavier than the dorsal

series but both are weakly developed. Dorsal and ventral blood vessels (longi-

tudinal) are present (Fig. 9).

In the branchial region the dorsal epidermis (60-70 n) is only one half the

thickness of the ventral. It has a strong band (15 i±) of slightly elongate basal

nuclei. The remaining distal portion is open and vacuolated with a few superficial

goblet glands. Laterally the ventral epidermis grades into the dorsal as it becomes
thinner and the number of goblets decreases. The dorsal and ventral median nerve

areas are 80 n in thickness and the dorsal cord has small finger-like extensions

into the epidermis. There are dorsal and ventral mesenteries and longitudinal

bands of muscles. The weaker dorsal muscles reach laterally only to the gill pore

region but the ventrals (50-70 n) extend about 90° to each side gradually decreasing

in thickness laterally. The lateral body regions have a thin epidermis and very

little muscle. With slight variation the above characteristics apply to the entire

trunk.

In the branchial gut the epithelium of the dorsal and ventral areas is similar.

It is about 150 n in thickness with an indistinct grouping of elongate distal nuclei.

Central and basal regions are openly vacuolated. The lateral gill tongues and bars

are covered mainly by a low epithelium with dark staining basal nuclei. The
lateralmost wall of the gill pouch area resembles the dorsal gut epithelium but

changes to the epidermal pattern at the gill pore (Fig. 7).

The branchial skeleton embraces only the upper half of the gut cavity and

although the skeletal elements are not strongly curved their arrangement produces

an upper and lower chamber in this part of the trunk.

The number of gill slits in enteropneusts varies from species to species from

only a few to one hundred or more. They also vary during the life of an individual;

there are more in a mature adult than a young developing specimen. In one
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representative specimen of Saxipendium coronatum which was cleared and stud-

ied as a whole mount there was a total of 54 pairs of gill slits in a space of 27

mm. The gill slits are typically U-shaped and skeletal elements extend into the

septa and tongues but are not strongly developed in either. There are no synap-

ticulae. Anterior gill slits are larger. The branchial region includes about %of the

length of the trunk. The next region, the anterior esophagus, has no opening from

the gut to the outside. The posterior esophagus is as long as the anterior region.

It has about 40 pairs of esophageal pores which have narrow canals connecting

them to the dorsal lateral areas of the gut (Fig. 8). Small skeletal structures were

associated with the openings of many of the pores. This is not unusual in enter-

opneusts and has led to the suggestion that esophageal and gill pores may be

related in origin.

In the trunk posterior to the branchiae, the gonads fill most of the rounded

lateral extensions of the body. Cross sectional views show three lobes to the body;

two are lateral and include the gonads and one is central and includes the digestive

tract (Figs. 1 and 2). The wall of the postbranchial gut is slightly folded and the

cavity makes up about lA of the cross section. The epithelium averages about 50

H in thickness; it has a basal and a distal grouping of nuclei and a central open

vacuolated region. The epithelium mid-dorsally and mid-ventrally is a little thick-

er and each forms a medial groove containing heavier ciliation than the thinner

lateral epithelium.

In the posterior part of the esophagus, paired pores open dorsally just lateral

to the nerve cord and run ventrally 300 ju to the gut proper. The ventral half of

the canal has a total diameter of 60 n and a central cavity of 20 /a. The canal

narrows dorsally as it approaches the pore. The epithelium of the lower canal is

similar to but thinner than that of the gut proper (50 n) which is open and
vacuolated with a slight basal grouping of nuclei and a heavier distal grouping of

elongate nuclei. The gut has a square to rectangular shape in cross section and

the gut cavity makes up about %of the overall cross section (Fig. 8).

The intestine proper located posterior to the esophageal pores makes up about
3
/4 of the length of the trunk. Its gut and epithelium are even simpler than those

of other trunk regions. The gut cavity is nearly round in cross section and comprises

more than %of the gut area. The gut epithelium is not folded and is 25-75 /t in

thickness. It has a heavy basal grouping of nuclei, very little central or distal

vacuolation, a few granular acidophilic gland cells and scattered basophilic cells

superficially. The gut has strong ciliation with heavier areas mid-dorsally and

especially mid-ventrally (Fig. 9). Dorsal muscle bands are more concentrated near

the gonopores.

The gonads occur as repeated individual lobes organized into lateral rows ex-

tending, as presently known, throughout the trunk. Sexes are separate. The testes,

which are larger than the ovaries, average about 1000 ju in diameter. Lying one

next to the other from anterior to posterior there would be about 200 testes on

each side of one of the specimens described above which had a trunk of 205 mm.
The main body of the testis is usually a little longer on the axis which leads to

the gonopore (Figs. 1 1 and 12). The gonad is extra-peritoneal and as it extends

into the coelom is covered by the peritoneum and underlain by a thin layer of

muscle and heavy vascular concentrations. The testes have a thin superficial

grouping of germinal cells and a concentrated central mass of spermatozoa. The
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sperm are about 29 n in overall length including a head of about 4.0 n. The head

is not round; it has a full basal nuclear portion but the acrosomal region attenuates

to a bluntly rounded tip. Between the main body of the testis and the gonopore

there is a small specialized antrum (Fig. 12). The antrum has a heavy muscle

covering which encloses a concentration of highly vacuolated cells surrounding

the central canal leading to the gonopore. The epidermis near the gonopore in-

cludes concentrations of granular acidophilic gland cells.

The ovaries which are smaller than the testes measure about 750 n in greatest

width. The muscle covering is thin as in the testis but the vascular concentrations

are greater. The gonopore canal does not have a distinct antrum but the cells

surrounding the canal are vacuolated as in the testes. The internal tissues are

organized as cords which attach peripherally and extend into the center of the

ovary (Fig. 7). Each cord includes what appear to be covering follicle cells, dis-

persed internal vitelline material, and occasional internal oocytes. In some gonads

the most mature oocytes occurred on the dorsal wall. The ovaries have internal

open spaces and do not appear to be mature. The largest oocytes found were in

the 40-50 ju range.

All specimens studied were incomplete; the terminal region of the trunk has

not been found.

Discussion

The spaghetti worms are readily assigned to phylum Hemichordata and class

Enteropneusta but they are not readily assigned to any one of the three presently

accepted families (Hyman 1959). The arrangement including Ptychoderidae,

Spengeliidae, and Harrimaniidae was established by Spengel (1901). Caullery and

Mesnil (1904) did establish a new family for Protoglossus koehleri but Burdon-

Jones (1956) placed the genus in Harrimaniidae and returned to the three family

pattern.

Members of Ptychoderidae are distinguished in part by the presence of lateral

septa in the trunk, dorso-lateral ciliary grooves in the intestinal wall, hepatic

caeca, synapticulae, pygochord, short skeletal crura, and a cauliflower organ (Horst

1939; Dawydoff 1948). Spaghetti worms lack all of the above. Ptychoderids lack

esophageal pores which are present in spaghetti worms.

Members of Spengeliidae are distinguished in part by the presence of well-

developed muscles and a vermiform process in the proboscis as well as by circular

muscles internal to the longitudinal muscles of the trunk. These characters are

not found in the spaghetti worms. Separation of the branchial gut into dorsal and

ventral areas is characteristic of spaghetti worms but not generally in spengeliids.

Both have long skeletal crura but they are recurved in the spaghetti worms.

Members of Harrimaniidae are distinguished in part by the presence of well-

developed muscles in the proboscis (often arranged in concentric rings), and large

yolky eggs and presumably direct development. The proboscis muscles of the

spaghetti worms are very poorly developed, and the gonads of the females from

the one collection contain small ova and have an internal organization which

suggests a form with indirect development. Unlike the harrimaniids the spaghetti

worms have widely spaced double dorsal mesenteries in the proboscis, a proboscis

skeleton with a unique coronate pattern in cross section, a very simple epithelium

and arrangement of the post branchial gut, and testicular antra.
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When compared with each of the three families for overall similarity, Saxi-

pendium coronatum is found to be closest to the family Harrimaniidae but rec-

ognition of its many special characteristics complemented by a suite of other

characteristics emphasizes the need to place it in a new family.

Although many valuable contributions to our understanding of enteropneusts

have been made during the past 40 years, it is important to note that nearly one-

half of the species and three-fourths of the genera were described nearly a century

ago between 1891 and 1910. In addition, since that time there has been limited

consideration of the existing systematic pattern and evolutionary relationships of

the species and genera of the class. It is hoped that the presence of the spaghetti

worms in association with the interesting hydrothermal vent community along

with the unusual characteristics of this form will lead to a general increase of

interest in members of this group from all habitats and throughout the world.
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